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FROCE SS FOR PRODUCING FO RMIC ESTER_OR METHANOL AND 
SYNTHESIS CATALYST THERiFoR 

Technical Field 

The present invention relates to a process for 
producing a formic ester or methanol and a synthesis 
catalyst therefor- More specifically, the present 
invention relates to a process for producing a methanol 
from carbon monoxide and hydrogen using a catalyst having 
high resistance against decrease in the activity due to 
water or carbon dioxide and thereby obtaining a product 
with high efficiency, and also relates to a catalyst 
15 therefor. 

Background Art 

Generally, in the industrial synthesis of a 
methanol, carbon monoxide and hydrogen (synthesis gas) 
obtained by steam reforming ot a natural gas mainly 
20 comprising methane are used as the starting materials and 
the synthesis is performed using a copper /zinc-type 
catalyst or the like by a fixed-bed gas phase method 
under severe conditions of 200-300*^0 and 5-25 HPa. 
Although this reaction is an exothermic reaction, 
25 efficient heat extraction can be hardly attained because 

of poor thermal conductivity in the gas phase method and 
a process of lowering the one-pass conversion and 
recycling unreacted high-pressure starting material gas 
is employed, which has, however, a severe problem in the 
30 efficiency. Despite such a problem, the fixed-bed gas 

phase method is not easily prone to the reaction 
inhibition by water or carbon dioxide contained in the 
synthesis gas and various plants are now operated by 
making use of this advantageous property. 
^5 On the other hand, various methods of synthesizing 

methanol in a liquid phase and thereby increasing the 
heat extraction rate are being studied. Among these, a 
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method using a catalyst having high activity at low 
temperatures (approximately from 100 to 180 ''C) is 
advantageous to the production system also in view of 
thermodynamics and being taken notice of. However, this 
method has been reported to suffer from quick decrease in 
the activity due to water and carbon dioxide contained in 
many cases in the synthesis gas and not used in practice. 
Disclosure of invention 

The object of the present invention is to overcome 
the above-described problems and provide a catalyst and a 
method, where the catalyst activity is kept even when 
carbon dioxide, water and the like are included in the 
starting material gas and/or the reaction system at the 
synthesis of formic ester or methanol and the formic 
£P. ester or methanol can be synthesized at low temperatures 

sjl and low pressures- 

^he present invention is characterized by the 
«i followings. 

ni (1) A process for producing a formic ester, 

in 2 0 comprising reacting carbon monoxide with an alcohol to 

f' -J 

il produce a formic ester, wherein the reaction is performed 

in the presence of an alkali metal-type catalyst and/or 
an alkaline earth metal^type catalyst. 

(2) A process for producing a methanol, comprising 
25 . reacting carbon monoxide with an alcohol in the presence 

of an alkali metal-type catalyst and/or an alkaline earth 
metal-type catalyst to produce a formic ester, wherein a 
hydrogenolysis catalyst of formic ester and hydrogen are 
allowed to be present together in the reaction system to 
30 hydrogenate the produced formic ester and thereby obtain 
a methanol . 

(3) A process for producing a methanol, comprising 
reacting carbon monoxide with an alcohol in the presence 
of an alkali metal-type catalyst and/Q:r an alkaline earth 

35 metal-type catalyst to produce a formic ester, separating 
the produced formic ester and hydrogenating the separated 
formic ester by allowing a hydrogenolysis catalyst and 
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hydrogen to be present together,, thereby obtaining a 
methanol . 

(4) A process for producing a methanol, comprising 
reacting an alcohol in the presence of an alkali metal- 

5 type catalyst and/or an alkaline earth metal-type 

catalyst ,r and a catalyst that includes Cu simultaneously 
with Mn and/or Re to obtain a methanol from carbon 
monoxide and hydrogen, 

(5) A process for producing a formic ester, 

10 comprising reacting carbon monoxide with an alcohol, 

wherein the reaction is performed in the presence of a 
catalyst containing Cu simultaneously with Mn and/or Re, 

(6) The production process as described in any one 
of (1) to (4)^ wherein the alkali metal- type catalyst and 

15 the alkaline earth metal-type catalyst include an alkali 
metal salt and a catalyst containing an alkaline earth 
metal salt, respectively, 

(7) The process for producing a methanol as 
described in (2) or (3), wherein the hydrogenolysis 

20 catalyst is a solid and the alkali metal-type catalyst 
and/or the alkaline earth metal-type catalyst is 
supported on this solid catalyst and used for the 
reaction. 

(8) The production process as described in any one 
25 of (1) to (5), wherein the alcohol is a primary alcohol. 

(9) A catalyst for producing a methanol, which is 
obtained by loading an alkali metal-type catalyst and/or 
an alkaline earth metal-type catalyst on a solid 
hydrogenolysis catalyst for formic ester. 

30 (10) A catalyst for producing a methanol, which is 

composed of an alkali metal-type catalyst and/or an 
alkaline earth metal-type catalyst, as well as a catalyst 
containing Cu simultaneously with Mn and/or Re. 

(11) A catalyst for producing a formic ester, 
35 comprising Cu simultaneously with Mn and/or Re. 

The present invention is described in detail below. 
AS a result of extensive investigations, the 
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inventors of the present invention have found that when 
an alkali metal-type catalyst and/or an alkaline earth 
metal-type catalyst substantially free from poisoning 
With water and/or carbon dioxide is used^ a formic ester 
5 can be produced from a carbon monoxide and an alcohol 
even if water and/or carbon dioxide co-exist. The 
present invention has been accomplished based on this 
finding. Examples of alkali metal-type catalysts include 
metal compounds and elementary substances, such as 
10 lithium, potassium, sodium and cesium. Examples of the 

p= alkaline earth metal- type catalysts include metal 

y compounds and elementary substances, such as calcium, 

hi- magnesium, barium and strontium. The metal compounds are 

preferably metal salts or metal oxides, more preferably 
T=l alkali metal saltis such as carbonates, nit-ra-tes, 

fii phosphates, acetates and formates. Here, alkali metal 

f alkoxides (e.g., methoxide, ethoxide) are excluded 

because these are substantially subjected to poisoning 
ry with water and/or carbon dioxide. Those catalysts can 

'^J also be used as a catalyst supported on a general support 

rr by an ordinary method. The alcohols used for the 

reaction are an alcohol resultant from bonding of a 
hydroxyl group to a chained or alicyclic hydrocarbon and 
in addition, may be a phenol or a substitution product 
25 thereof, or a thiol or a substitution product thereof* 
These alcohols may be primary, secondary or tertiary 
alcohols, but preferably primary alcohols due to their 
reaction efficiency. Lower alcohols, such as methyl 
alcohol or ethyl alcohol, are most commonly used. The 
30 reaction may be performed in either the liquid or gas 
phase but a system where moderate conditions can be 
selected may be employed. To speak specifically, the 
temperature, the pressure and the reaction time are 
selected from 70 to 250^C, 3 to 70 atm and 5 minutes to 
35 10 hours, respectively, however, the conditions are not 

limited thereto. The alcohol may be sufficient if the 
amount added thereof is sufficiently large to allow the 
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reaction to proceed, however, the alcohol may also be 
used as a solvent and in an amount larger than that. In 
this reaction^ organic solvents other than alcohols may 
be appropriately used in combination. 
5 A catalyst containing Cu simultaneously with Mn 

and/or Re may also be used in the production of a formic 
ester. 

The obtained formic ester may be purified by an 
ordinary method but may also be used as it is in the 
10 production of a methanol. That is, a methanol can be 
produced by hydrogenating the formic ester. For the 
hydrogenolysis, a hydrogenolysis catalyst is used and 
examples of the catalyst which can be used include 
general hydrogenolysis catalysts containing Cu, Pt, Ni, 
£li 1^ Co, Ru or Pd, More specifically, copper-type catalysts 
CO such as Cu/MnOjc, Cu/ReOj^ (wherein X is a chemically 

allowable value), Cu/2nO, Cu/CrOj and Raney copper, and 
nickel-type catalysts are suitably used. Among these, 
Cu/MnOx and Cu/ReOx exhibit extremely high activities in 
20 this reaction and ensure a high methanol yield even when 
water and/or carbon dioxide are present* The method for 
preparing the hydrogenolysis catalysts is not 
particularly limited and an ordinary method may be used, 
such as impregnation method, precipitation method, sol- 
25 gel method, coprecipitation method, ion exchange method, 
kneading method and drying method. However, according to 
the coprecipitation method, a catalyst having a high 
loading amount can be prepared and good results can be 
readily obtained. In the present invention, this 
30 hydrogenolysis catalyst and hydrogen are allowed to be 
present together in the reaction system for producing a 
formic ester from a carbon monoxide and an alcohol, 
whereby a methanol can be produced by a Bo-called one- 
step process- The hydrogenolysis reaction can be 
35 performed fundamentally under the above-described 

reaction conditions, however, the temperature and the 
pressure may be appropriately changed. The 
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hydrogen/carbon monoxide ratio is generally selected in 
the range approximately from 1 to 5- As described above, 
in the case of performing the reaction while allowing a 
hydrogenolysis catalyst to be present together with an 
5 alkali roetal-type catalyst and the like, these catalysts 
may be used as a simple mixture, however, when the alkali 
metal-type catalyst is supported on the solid 
hydrogenolysis catalyst, the recovery of the catalysts is 
advantageously facilitated. With respect to the loading 
10 method itself^ an ordinary method employed in the 
preparation of catalysts may be used. 

In the case where a methanol can hardly be produced 
by the on^-etep process, it is also possible to obtain a 
methanol by separating the produced formic ester and then 
15 hydrogenolyzing the separated formic ester in the 

presence of a hydrogenolysis catalyst and hydrogen. 
3 The process for producing a formic ester or a 

methanol according to the present invention is presumed 
fl| to proceed according to the following reaction scheme (as 

U\ 20 an example, a case of using an alcohol resulting from 

bonding a hydroxyl group to a chained or alicyclic 
hydrocarbon is shown); 

R-OH + CO -* HCOOR (1) 
HCOOR + 2H2 CH3OH + R-OH (2) 
25 (wherein R represents an alkyl group) . 

As such, carbon monoxide and hydrogen are used as 
the starting materials for producing a methanol and the 
alcohol can be recovered and reused. According to the 
present invention, even where a fairly large amount of 
30 water and carbon dioxide are present in the starting 

material gas (for example, even with at least 5% of 
carbon dioxide) and/or the reaction system, the catalyst 
does not lose its activity and a formic ester or a 
methanol can be produced. Furthermore, even where a 
35 sulfur-type compound and a chlorine-type compound, such 

as HjS and HCl, are mingled in the reaction system, the 
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formic ester or a raethaaol can be similarly produced 
without any problem. 

Best Mode for Carrying Out the Invention 

The present invention is described in greater detail 
5 by referring to the Examples given below, although the 
present invention is not limited to these Examples. 

In the Examples^ the CO conversion and the methanol 
yield were calculated according to the following 
formulae: 

CO conversion (%) = 

[1- (molar number of CO + CO^ recovered after 
reaction) /(molar number of CO + CO2 charged)] x 
100 

Methanol yield (%) ~ 

((molar number of methanol produced) /(molar 
number of CO + CO^ charged)) x 100 
ixiz 10 Example li 

M In an autoclave having a content volume of 80 ml, 

5}? 0^72 ramol of potassium carbonate was added to 10 ml of 

p ethanol containing 1% by mass of water as a solvent, a 

^'^^ carbon dioxide mixed synthesis gas (CO: 32%, CO^s 4.7%, 

15 balance: hydrogen) was filled to 3 MPa, and the reaction 

was performed at 170 "C for 2 hours. The reaction product 
was analyzed by gas chromatograph, as a result, it was 
found that only ethyl formate was obtained with a CO 
conversion of 3-0%. 
20 Example 2: 

The reaction was performed by the method described 
in Example 1 except for changing the reaction time to 2 0 
minutes- The same results as in Example 1 were obtained 
and it was revealed that the reaction reached the 
25 equilibrium in 20 minutes. 
Example 3: 

The reaction was performed by the method described 
in Example 1 except for adding potassium 

hydrogencarbonate in place of potassium carbonate- As a 
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result, ethyl formate was obtained with a CO conversion 
of 3.1%. 
Example 4 : 

The reaction was performed by the method described 
5 in Example 1 except for adding cesium carbonate in place 
of potassium carbonate • The CO conversion was 3.2%* 
Example 5 : 

The reaction was performed by the method described 
in Example 1 except for adding sodium carbonate in place 
10 of potassium carbonate. The CO conversion was 1.36%. 
Excimple 6: 

The reaction was performed by the method described 
ill Example 1 except for adding lithium carbonate in place 
hi potassium carbonate. The CO conversion was 0.4%. 

IM 15 Example 7: 

The reaction was performed by the method described 
H Example 1 except for adding potassium nitrate in place 

^ of potassium carbonate. The CO conversion was 1,0%. 

Example 8; 

p 20 The reaction was performed by the method described 

H in Example 1 except for adding sodium nitrate in place of 

potassium carbonate. The CO conversion was 0.9%. 

Example 9: 

The reaction was performed by the method described 
25 in Example 1 except for adding potassium phosphate in 
place of potassium carbonate. The CO conversion was 
1.7%. 

Example 10: 

The reaction was performed by the method described 
30 in Example 1 except for adding potassium acetate in place 

of potassium carbonate. The CO conversion was 1.51%. 
Example 11: 

The reaction was performed by the method described 
in Example 1 except for adding potassium formate in place 
35 of potassium carbonate. The CO conversion was 3.44%. 

Example 12: 

The reaction was performed by the method described 
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in Example 1 except for using methanol in place of 
ethanol, as a result, the CO conversion was 4.0% (methyl 
formate ) - 
Example 13: 

5 The reaction was performed by the method described 

in Example 1 except for using n-propanol in place of 
ethanol. The CO conversion was 3,4% (n-propyl formate). 
Example 14: 

The reaction was performed by the method described 
10 in Example 1 except for using n-butanol in place of 

ethanol. The CO conversion was 3.4% (n-butyl formate)* 
Example 15: 

The reaction was performed by the method described 
in Example 1 except for using i-propanol in place of 
15 ethanol. The CO conversion was 1.1% (i-propyl formate) . 
Example 16; 

5 The reaction was performed by the method described 

IZ in Example 1 except for using i-butanol in place of 

ethanol. The CO conversion was 1-8% (i-butyl formate). 
20 Example 17: 

The reaction was performed by the method described 
in Example 1 except for using t-butanol in place of 
ethanol. The CO conversion was 0.7% (t-butyl formate). 
Example 18: 

25 The reaction was performed by the method described 

in Example 1 except for further adding 0.2 g of a 
copper/zinc ccprecipitated catalyst as the hydrogenolysis 
catalyst. As a result, methanol was obtained with the CO 
conversion of 2.9% and the methanol yield of 0.3%. 
3 0 Example 19: 

In an autoclave having a content volume of 85 ml^ 
1.4 mmol of potassium carbonate was added to 20 ml of 
ethanol containing 0.010% by mass of water as a solvent^ 
a carbon dioxide mixed synthesis gas (CO: 32%, CO^: 4.7%^ 
35 balance: hydrogen) was filled to 3.0 MPa, and the 
reaction was performed at 170 "^C for 2 hours. The 
reaction product was analyzed by gas chromatograph. As a 
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result, it was found that only ethyl formate was obtained 
with the CO conversion of 16%. 
Example 20: 

The reaction was performed by the method described 
5 in Example 19 except for further adding 4.0 g of a 

copper/zinc coprecipitated catalyst as the hydrogenolysis 
catalyst. As a result, methanol was obtained with the CO 
conversion of 25% and the methanol yield of 1.2%, 
Example 21: 

10 The reaction was performed by the method described 

in Example 19 except for further adding 4.0 g of a 
copper /manganese coprecipitated catalyst as the 
Ul hydrogenolysis catalyst. As a result^ methanol was 

Cl obtained with the CO conversion of 90% and the methanol 

;:J 15 yield of 27%, 
fil Example 22: 

The reaction was performed by the method described 
in Example 19 except for further adding 2.0 g of a 
fll copper/manganese coprecipitated catalyst as the 

JJJ 20 hydrogenolysis catalyst. As a result, methanol was 

p obtained with the CO conversion of 79% and the methanol 

yield of 27%. 
Example 23; 

The reaction was performed by the method described 
25 in Example 19 except for further adding I . 0 g of a 
copper /manganese coprecipitated catalyst as the 
hydrogenolysis catalyst. As a result, methanol was 
obtained with the CO conversion of 33% and the methanol 
yield of 1.1%. 
30 Example 24: 

The reaction was performed by the method described 
in Example 22 except that the mixed synthesis gas did not 
contain cOg- As a result, methanol was obtained with the 
CO conversion of 92% and the methanol yield of 41%. 



